Patients with facial paralysis are perceived negatively by society in a number of domains. Society's perception of the health utility of varying degrees of facial paralysis and the value society places on reconstructive surgery for facial reanimation need to be quantified.
ment for permanent facial paralysis is facial reanimation surgery, which encompasses a broad range of procedures that restore form and function to the paralyzed face. 5, 6 As the practice of facial plastics moves toward objective quality measurements, 7 the importance of understanding the health utility of facial paralysis and the value of facial reanimation surgery increases.
To understand these measures, 2 perspectives offer key insights-those of the patient and societal members-with recognition that neither is a substitute for the other. The investigation of society's perspective calls on the age-old economic principle of the "wisdom of crowds," which asserts that society at large is better at aggregating information and estimating the true value of goods than discrete individuals alone. 8 For facial paralysis, the assessment of the layperson has been said to be one of the most important yet elusive measurements to obtain. 9 We sought to quantify the value society places on a fully functioning face by measuring the perceived health utility of individuals with facial paralysis and valuation of surgical repair, with the understanding that societal willingness to pay (WTP) represents the hypothetical limit of resources that individuals are willing to allocate to medical interventions. 10 Furthermore, previous studies have demonstrated the usefulness of the ratio of WTP per quality-adjusted life-year (QALY) in understanding societal valuations of expenditures for medical interventions. 10, 11 This ratio is generated using a contingent valuation method in which a population states their WTP for an intervention. Zillich et al 12 showed that WTP for an asthma cure is highly related to objective and subjective measures of disease severity. The denominator of the ratio, health utility, refers to societal members' rating of the QOL with a given health state derived from standard gamble (SG), 13 time trade-off (TTO), 14 and visual analog scale (VAS) 15 methods.
The WTP:QALY ratio has been used to understand the societal value of repairing knee osteoarthritis 16 and cutaneous facial lesions. 17 Sinno et al 18 measured the perceived health utility of facial paralysis. Other studies have shown that facial reanimation surgery restores affect display (the expression of emotion through facial expression), improves attractiveness, and decreases negative facial perception. [19] [20] [21] To our knowledge, the societal WTP to repair varying degrees of facial paralysis, the perceived health utility of varying degrees of facial paralysis, and the subsequent societal valuation of facial reanimation surgery remain unstudied. We had the following major aims for this study: (1) to measure the value society places on repairing facial paralysis (through measurement of societal WTP and perceived health utility of patients with facial paralysis); (2) to understand facial perception domains that influence this societal perspective; and (3) to demonstrate WTP as a marker for studying facial perception and the severity of facial deformity.
Methods

Participants
Participants were casual observers recruited via surveys posted on public access websites. Individuals were excluded if they were younger than 18 years or had schizophrenia or autism spectrum disorders because of differences in the ways individuals with these disorders perceive faces. 22, 23 Twenty-one participants were excluded based on these criteria. Complete surveys were collected from 348 participants. Demographic profiles of the participants are presented in Table 1 . The Johns Hopkins Medicine institutional review board approved this study and waived the need for informed consent.
Survey Instrument
Photographs of 16 individuals (4 individuals without paralysis serving as controls and 12 individuals with unilateral facial paralysis) were queried from the Johns Hopkins facial plastic surgery image archive. Of the 12 individuals with facial paralysis, 4 were included in each of 3 categories of facial paralysis (low, medium, and high). We categorized low-grade paralysis as House-Brackmann grade 2, medium-grade paralysis as House-Brackmann grades 3 to 4, and high-grade paralysis as House-Brackmann grades 5 to 6. Four unique surveys were then generated with 8 photographs each. The composition of each survey included 2 photographs in each of the following 4 categories: normal and low-grade, medium-grade, and highgrade paralysis. We included 1 smiling and 1 reposed photograph for each of the 4 categories. Each individual was shown only once within a survey, and no photograph was duplicated among the 4 surveys. The survey collected the following 3 vital pieces of information: (1) facial perception metrics, (2) metrics to calculate perceived health utility, and (3) the participant's WTP for a repair.
Facial Perception
Participants were asked to rate facial perception domains, including the attractiveness, affect display, and paralysis severity of each face they were shown. Attractiveness and severity were measured on a scale of 0 to 100, with higher scores corresponding to greater attractiveness and severity. Affect display was assessed with a scale of 0 to 100 informed by the Derogatis Affects Balance Scale core affects (hostile, depressed,
Key Points
Question What value does society place on reconstructive surgery for facial paralysis?
Findings In this prospective observational study of 348 naive participants, reconstructive surgery for facial paralysis was found to be of high value, with willingness to pay for reconstructive surgery increasing as House-Brackmann grade of severity of paralysis increased.
Meaning Willingness to pay may be a useful objective measure to inform questions of disease severity and the value of normal facial function.
guilty, joyful, content, vigorous), with 0 being defined as a negative affect (ie, face appears hostile, depressed, or guilty) and 100 as a positive affect (ie, joyful, content, or vigorous).
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Health Utility Health utility was measured using 3 established methods described in cost-effectiveness analysis literature as SG, 13 TTO, 14 and VAS. 15 Standard gamble is measured by giving participants a choice between living with a medical condition or accepting treatment that carries a specified risk for death. 10, 16 Participants were asked to imagine the photograph shown as their own face and choose between living with that face and electing for facial reanimation surgery with a risk for immediate death. Depending on the participant's choice, a bisecting algorithm generated up to 6 iterations of risk percentages until an inflection point of acceptable risk was assumed. 13, 18 Time trade-off is measured by giving participants the choice between living with a medical condition and trading years of life in exchange for an immediate cure. 16 We used 40 years as the maximum number of additional years one can live without trading off years of life. This value was obtained by estimating a life expectancy of 80 years and subtracting 40 years, the median age of diagnosis for Bell palsy. 25 Participants were thus asked to choose between living 40 years with the face in the image shown and living for fewer years without facial paralysis. Finally, using the VAS method, participants imagined each face as their own and rated perceived health utility with a slider bar with 1-point increments anchored from 0 (death) to 100 (perfect health or no paralysis).
Willingness to Pay
Finally, we assessed WTP using an iterative closed-ended bidding method. Participants were asked whether they were willing to pay to repair the facial paralysis they saw and offered an out-of-pocket cost for the intervention. Participants indicated whether they would be willing to pay more than that value (no or yes). As described by Dey et al, 17 a bisection algorithm with 6 iterations was used before obtaining a final WTP value. Inputs into this algorithm (starting WTP value and lower and upper bound values) were assessed using a pilot study that asked 22 individuals their WTP to correct varying grades of facial paralysis.
Statistical Analysis
Data were collected using the Qualtrics Online Survey Software 26 from July 16 to September 26, 2015, and analyzed using STATA statistical software (version 13 SE; StataCorp). We derived health utility values from SG, TTO, and VAS metrics using standard methods. 16 With measured health utility and WTP values, we calculated WTP:QALY ratios with the method described by King et al. 10 Because WTP has been shown to be highly skewed for reflecting diverse individual preferences, we applied a Box-Cox transformation to normality on WTP data with a lambda factor of 0.2696841. 10 We used a 3% discount rate to calculate the present value of future health benefits 10 and the National Vital Statistics database to estimate life expectancies adjusted by participant demographic profiles. 27 We applied structural equation modeling (SEM) to analyze the significance and directionality of associations between facial perception metrics (attractiveness, affect, and severity), a latent variable we defined as perceived QOL (P-QOL), and health utility metrics (derived from SG, TTO, and VAS). We used SEM for its ability to fit networks of constructs to data and account for sources of variance. We used a multivariate probit model to elucidate when participants identified paralysis and when they accepted TTO or SG. This probability model was used to mix normal and paralysis models when analyzing WTP as a function of paralysis severity. 
Results
Completed
Structural Equation Modeling
Figure 1 is a conceptual network diagram of the SEM generated from participant response data. The diagram demonstrates that paralysis severity as defined by HouseBrackmann grade has a direct association with observerperceived severity. If the shown face was smiling, perceived severity increased, perceived affect display was rated more positively, and attractiveness ratings decreased. In addition, perception of greater severity of paralysis decreased attractiveness and affect ratings, and positive affect scores increased attractiveness ratings. We hypothesized that if a participant perceived a face as having higher QOL, he or she would be willing to trade less time off their lives (decreased TTO), assume a lower risk for death (decreased SG), and pay less money to repair the facial paralysis (decreased WTP). To demonstrate this, we included a latent P-QOL variable to connect concepts of paralysis severity and facial perception domains to calculated health utility values and WTP. If a participant rated attractiveness as high, the P-QOL variable increased; if a participant rated the severity of paralysis as high, the P-QOL variable decreased. The model confirmed our hypothesis that as P-QOL increased, SG, TTO, and WTP all decreased. In addition, if a participant identified a face as having paralysis, this effect independently increased WTP for a repair. Magnitude of influence and statistical significance of each SEM association are detailed in Table 2 . We also found an inflection point of QOL under which participants did not accept TTO or SG. The inflection point for SG was lower than that for TTO (ie, participants would sooner risk a chance of immediate death than trade time off their lives) (probit model in Table 2 ).
Willingness-to-Pay 
Health Utility
The mean (SD) of health utility values by paralysis severity and by the calculation method (SG, TTO, and VAS) are shown in Table 3 . By all 3 methods, health utility values decreased with increasing House-Brackmann severity grade. A health utility value of 0 is defined as death and 1.00 is defined as perfect health or no facial paralysis. From low-to high-grade paralysis, health utility values ranged from 0.98 to 0.77, 0.98 to 0.74, and 0.92 to 0.43 using the SG, TTO, and VAS methods, respectively.
Valuation
Using the health utility values calculated, we derived WTP: QALY ratios for normal faces and faces with varying degrees of paralysis severity. The WTP:QALY values are shown in Table 3 . Mean (SD) WTP:QALY ratios calculated from SG ranged from $10 167 ($14 565) to $17 008 ($38 288) for low-to highgrade paralysis.
Discussion
This study is the first, to our knowledge, to measure (1) WTP to repair varying degrees of facial paralysis, (2) the health utility of varying degrees of facial paralysis, and (3) the subsequent value of facial reanimation surgery, all as perceived by society. We measured WTP to repair different degrees of facial paralysis and found that WTP increased nonlinearly with perceived severity and House-Brackmann grade (Figure 2 ). This finding suggests that individuals with high-grade paralysis endure a much greater perception penalty than those with lowgrade paralysis. This finding has important implications for the effective use of health care resources, demonstrating that societal members are willing to reserve a much greater proportion of resources for the most severe paralyses. In addition, some participants mistook normal faces to have paralysis, and the mean WTP for those faces was measured at $1980 (95% CI, $1233-$3014) ( Table 3 ). This mistake may be attributable to the phenomenon that a specific level of facial asymmetry must exist before one can accurately iden- The structural equation model reflects associations among perceived facial characteristics, the perceived quality-of-life (P-QOL) latent variable, measures of health state utility, and willingness to pay (WTP). Each arrow represents a statistically significant association, and the arrow direction indicates the flow. A positive sign represents a positive association (eg, as the affect rating increases, the attractiveness rating increases), and a negative sign represents an inverse association (eg, if perceived QOL is high, WTP for a repair decreases).
tify paralysis, and observers may find it difficult to perceive differences between a normal face (House-Brackmann grade 1) and low-grade facial paralysis (House-Brackmann grade 2).
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This study also highlights the importance of WTP as a measure of the association between societal perception and intrinsic characteristics of a disease state. Economists have argued for the equivalence of economic benefit with WTP, stating that WTP is actually a measure of human preference. 30 We posit that, with respect to disease states, WTP can be used as an indication of the importance to society of repairing a condition and thus a signal of the intrinsic severity of the condition. We hope that this study lays groundwork for future investigations to use WTP as an objective scale of facial perception and f Scored on a fixed-effects scale ranging from 0 to 100, with higher scores indicating greater attractiveness. g Scored on a fixed-effects scale ranging from 0 to 1.00, with higher scores indicating better health or no paralysis. h Represents interaction between covariates (ie, participants not willing and willing to trade time off their lives and their perception of the photographed individual's QOL). i Data are expressed as estimates.
lated health utilities using all 3 methods. Our results demonstrated results similar to those of previous research, in which SG and TTO health utility values were extremely comparable and in which VAS exaggerated a decrease in health utility with increasing severity of paralysis. 10 This result is likely owing to an alteration in risk-taking behavior when years of life and the risk for death are at stake. Regardless of the method used, perceived health utility measurements decreased with increasing paralysis grade. These data show that society believes facial paralysis decreases QOL. Because one's health utility state is strongly influenced by a community's response to one's appearance, this objective measurement of society's perception of health utility may explain why patients with facial paralysis live with significant QOL morbidity.
1,31
The WTP:QALY ratios for low-, medium-, and high-grade paralysis demonstrated society's perceived value of repairing facial paralysis. The WTP:QALY ratios ranged from $10 167 to $17 008 from low-to high-grade paralysis using the SG method. In health care economics, various thresholds are used to determine whether interventions are cost-effective, and WT-P:QALY ratios have been shown to be an even more conservative estimation of value than these thresholds. Finally, we used an SEM to analyze the nuanced associations among the domains of facial perception, perceived QOL, and health utility and economic values. The association between facial perception domains and the resultant WTP and health utility values is directly mediated through a latent variable of P-QOL. This process is significant because although P-QOL is a theoretical variable that cannot be measured directly, we hope to have laid groundwork for future studies to use other metrics as a proxy for how societal members regard a disease state. The association between facial perception domains and P-QOL is supported by previous studies, 34-36 which have shown that attractive individuals are more likely to have higher self-esteem, be perceived as more intellectual and competent, and achieve higher measures of psychological wellbeing. Conversely, individuals with facial disfigurement endure societal discrimination, higher rates of depression, and long-term negative psychological effects.
37,38
Limitations
This study explored WTP, health utility, and value from a societal perspective, but we have yet to explore these metrics from a patient perspective. Societal perception of the disease state of facial paralysis could contrast with patient self- ratings of QOL and the actual costs of reanimation surgery. Therefore, this study cannot be used as a formal costeffectiveness analysis. Depending on the illness, casual observers may underestimate or overestimate the effect of an illness. 16 Static images were used in the surveys, which may not allow participants to appreciate the full limitations of facial paralysis. The use of videos may be helpful for viewers to understand the effect facial paralysis has on speech and facial motion.
The measurement of societal WTP also carries some important considerations. First, the existence of a third-party payer system in the United States means that individuals rarely recognize the full cost of interventions. Even if they do, insured individuals often do not pay the full cost of health care services out of pocket, which would influence their WTP for repairing a hypothetical disease state. As such, this study may instead reflect individuals' willingness to co-pay. 39 Finally, although income data were included in our demographic survey, income strata were not included in the SEM owing to the large magnitude of tested variables; previous studies have shown that participants' income levels influence WTP for repair of medical conditions. 10 
Conclusions
Society perceives facial reanimation surgery to be a highvalue intervention in repairing facial paralysis. Facial paralysis is perceived to decrease QOL, with the greatest penalties associated with the most severe grades of paralysis. Societal WTP also increases nonlinearly with increasing HouseBrackmann grade, which may guide the pursuit of high-value care in the field of facial plastics. This study also begins to establish WTP as an objective measure of facial perception and intrinsic disease severity. 
